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Abstract
Ensuring affordable, reliable, sustainable and modern energy for all by 2030 is part of the
internationally agreed Sustainable Development Goals (SDG7). With roughly 3 billion peo-
ple still lacking access to clean cooking solutions in 2017, this remains an ambitious task.
The use of solid biomass such as wood and cow dung for cooking causes household air pol-
lution resulting in severe health hazards. In this context, the Indian government has set up a
large program promoting the use of liquefied petroleum gas (LPG) in rural areas. While this
has led millions of households to adopt LPG, a major fraction of them continues to rely
heavily on solid biomass for their daily cooking. In this paper, we evaluate the effect of sim-
ple health messaging on the propensity of these households to use LPGmore regularly. Our
results from rural Rajasthan are encouraging. They show that health messaging increases
the reported willingness to pay for LPG, and substantially increases actual consumption.
We measure this based on a voucher, which can only be used if LPG consumption is dou-
bled until a certain deadline. Households exposed to health messaging use the voucher
about 30%more often than households exposed to a placebo treatment. We further show
that the impact of our very brief, but concrete health messaging is close to the effect of a
10% price reduction for a new LPG cylinder. Finally, our study raises some interesting ques-
tions about gender-related effects that would be worth consideration in future research.
Introduction
In 2017, 2.9 billion people around the globe lacked access to clean cooking solutions [1]. Yet,
ensuring affordable, reliable, sustainable and modern energy for all is part of the internation-
ally agreed Sustainable Development Goals (SDG7). Simultaneously, the promotion of clean
cooking contributes to a whole range of other SDGs [2]. Cooking with solid biomass such as
wood and cow dung is a major source of household air pollution, which in turn is of one of the
most important risks for global health, especially for women and children. Annually, millions
of people die prematurely, with estimates for the years 2016 and 2017 ranging between 1.6 mil-
lion [3] and 3.8 million [4]. Furthermore, cooking with solid biomass also causes major envi-
ronmental burdens [5, 6] and impedes the empowerment of women and girls [2]. The
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promotion of clean cooking thus contributes to gender equality (SDG5), climate action
(SDG13), life on land (SDG15), and, most importantly, good health and well-being (SDG3).
In India, the health burden from traditional cooking is particularly high, with an estimated
482’000 premature deaths annually attributable to household air pollution [3]. As a conse-
quence, in 2016, the Indian government started the “Pradhan Mantri Ujjwala Yojana”
(PMUY) program to provide poor households with access to liquefied petroleum gas (LPG).
As compared to combustion of traditional biomass, the combustion of LPG only generates a
negligible amount of byproducts that are noxious to human health. As the PMUY covered the
upfront cost for the access to this clean fuel, the number of households registered as LPG users
increased by 80 million within just over three years. This is a development of unprecedented
scale. If all these households fully switched to this clean cooking fuel, this would substantially
increase the life expectancy in rural India.
However, so far, many households who adopted LPG under the program continue to rely
on traditional biomass for a major part of their cooking. Multiple fuel use (so-called ‘fuel stack-
ing’) is a widespread phenomenon and may persist over a long time [7–10]. A study based on
multi-year LPG sales data from Karnataka shows that PMUY beneficiaries buy less than half
the amount of LPG cylinder refills as compared to general consumers in rural areas [11].
There may be different reasons for this, notably the cost of regular refills and supply-side
constraints [9, 10]. In addition, households may simply not be aware of the important health
benefits of LPG and may thus not recognize any serious need for change. They usually see the
time saving effects and the convenience of LPG, but this alone may not prompt them to switch
to LPG as their primary cooking fuel. Hence, providing clear health information could be key
to inducing the transition to sustained use of clean cooking fuels.
Related literature has shown that information on health benefits does not necessarily
change people’s behavior [12, 13]. Yet, to the best of our knowledge, this has never been tested
in the concrete context at hand. The closest literature relates to LPG use in Kerala and Uttar
Pradesh [14] and willingness to pay (WTP) for improved biomass stoves in rural Bangladesh
[12], where upfront costs were relatively high and constituted an important barrier (see also
[15]). This paper now examines the effect of health messaging in a context where the problem
of high upfront cost is already taken care of through the PMUY. We expect that under these
new conditions, the effect of health messaging onWTP and LPG consumption may be
substantial.
Our evidence is based on a survey of 554 households in the rural part of Bikaner district in
Rajasthan. We randomly assigned health information to one part of the respondents and gen-
eral, non-health-related information on LPG to the other part. We then measured the treat-
ment effect on two variables: (i) the necessary financial compensation to induce households to
double their LPG consumption at given prices, and (ii) the actual increase in consumption,
measured by the households’ use of a voucher for a new refill before a given deadline. The two
separate measurements allow us to distinguish the effect of health messaging from the poten-
tial nudging effect of the voucher itself. In our study we did not measure any direct health out-
comes. However, the health benefits of regular LPG use are uncontested and do not depend on
maintenance or the way the stove is used (which in contrast, would be highly relevant for an
evaluation of improved biomass cookstoves).
Overall, our experimental evidence suggests that health messaging is highly effective and
should be included in the campaigns to promote LPG. Our results show that even very brief
and simple health messaging has a sizeable effect. We also discuss why it may be useful to tar-
get not just women, but also men. Moreover, our results confirm that without the additional
health information, only very few people are aware of the severe health risks they incur by
cooking with traditional biomass.
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The remainder of this article is organized as follows: we first provide an overview of the
extant literature regarding the effect of health messaging on household fuel choice and cooking
habits. We then develop the conceptual framework and present the sampling strategy and
methodological approach, including the experimental set-up. This is followed by the presenta-
tion of our results and a conclusion with policy insights from the study.
Health awareness and fuel choices
While there is an extensive literature on household fuel choice decisions in low- and middle-
income countries (see e.g. [7, 16, 17] for an overview), there are only a few studies examining
the effect of health messaging on households’ decision making in this respect. Furthermore,
these studies focus on improved biomass cookstoves rather than LPG. What we can draw from
the extant literature is that (1) generally, knowledge about the health hazards of traditional
cooking is very limited, (2) the effect of health messaging seems to be context dependent, (3)
the effect in the context of transition to LPG has hardly been examined yet, and (4) has not
been examined at all in the context of the PMUY program implemented by the Indian
government.
Lacking knowledge about health hazards
Available evidence from several countries in Sub-Saharan Africa and South Asia (including
India) suggests that the knowledge about the health hazards of traditional cooking in the
affected population is very poor. While a majority of households recognize that there may be
some health effects of household air pollution [12, 18], they largely underestimate the severity
of these risks [12, 19]. When confronted with information about the fact that the adverse
effects of household air pollution go way beyond transient irritations of eyes and throat, but
substantially increase the risk of several deadly illnesses, they consider this information as
highly salient [13].
The existing knowledge gap may be an important hindrance for the greater uptake and use
of clean cooking fuels in India and elsewhere in the world [18]. To bridge this gap, the most
natural intervention is to provide information (i.e., health messaging). Given that the knowl-
edge gap is so profound, the effect of providing information may be substantial.
No consistent evidence for the effect of health messaging
The few studies that have examined the effect of health messaging on household cooking fuel
or technology use in a systematic way are primarily related to the introduction of improved
biomass cookstoves. These stoves have often not been well accepted by households though,
which is also true for India, where the adoption of improved biomass cookstoves has been lim-
ited [20]. Correspondingly, there is little evidence for any positive effect of health messaging
on the willingness to pay for such cookstoves. In an experimental study in Uganda, only in one
out of multiple settings do the messages increase willingness to pay, conditional on specific
payment modalities. The direct reaction to payment modalities is much stronger [13]. Simi-
larly, a broader study on fuel change in Myanmar finds no significant effect of health counsel-
ling [21], despite the fact that significant changes in the relevant knowledge are observed (see
[22] for a review of these and other related studies). In contrast, findings from survey data
from urban Indian households suggest that the belief that wood does not cause pollution sig-
nificantly increases the quantity of firewood used [23]. Overall, the evidence suggests that the
effect of health messaging depends on both technological features and financial constraints.
Correspondingly, results from a survey-based study in China suggest that health messaging
alone may not be effective unless it is coupled with access to improved technology in the form
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of culturally well-adjusted stoves [24]. A randomized control trial in Bangladesh leads to simi-
lar conclusions [25]. Other experimental studies highlight the importance of financial con-
straints, notably in the form of liquidity constraints preventing the purchase of costly
investment goods in Bangladesh and Uganda [12, 13]. This is in line with the fact that those
studies providing the most convincing evidence for successful health messaging interventions
tend to consider situations in which large upfront costs do not exist. They look beyond the
purchase of new technology and focus on behavioral change such as taking children out of the
kitchen or cooking outside or with open doors rather than in a closed room (see, e.g., [26]).
Insufficient evidence in the LPG context
In the specific context of LPG use, there is almost no evidence on the role of health messaging.
A notable exception is the field experiment by Krishnapriya that covers the effect of health
messaging with respect to LPG uptake and multiple other household choices of fuels and appli-
ances in rural communities of the Indian states of Kerala and Uttar Pradesh [14]. Households
were confronted with information at different levels of intensity. It turned out that even the
most intensive information campaign involving posters in the village, leaflets and one-to-one
explanations to representatives of each household did not lead households to switch towards
cleaner fuels, except for Kerala in those cases in which the information was provided to
women. In contrast, with regard to electric appliances (such as the purchase of LED bulbs) the
information treatment led to significant results. As purchasing a bulb requires a much smaller
investment than purchasing an LPG stove, an explanation of the different reaction could be
that LPG uptake is largely determined by liquidity constraints or financial constraints more
broadly. This would be in line with the findings on other interventions discussed above.
New situation as upfront costs are covered
If the above reasoning is correct, the introduction of the government’s PMUY program in
2016 should have significantly changed the situation by removing the major constraint for the
spread of the LPG technology. By offering LPG connections to poor rural households, the
large upfront cost is taken care of by the government. ‘LPG connection’ hereby refers to the
establishment of a formal account with a distributor as well as to the actual connection of the
LPG stove to the LPG cylinder with a hose and a regulator. At current prices, this LPG connec-
tion comes to 1600 INR (about 25 USD), and the additional cost for the first cylinder and the
LPG stove is about 480 INR and 1020 INR respectively, i.e., another 1500 INR. Total upfront
cost hence amounts to around 50 USD, which is difficult to bear for poor rural households. In
the context of PMUY the government completely takes over the cost of the LPG connection,
and in addition, it provides the opportunity to purchase the first cylinder and the LPG stove
on the basis of an interest-free loan granted by the distributors that is gradually repaid by an
increase in the price of subsequent refills by approximately 170 INR. Since no repayment is
required if further refills are not purchased, households generally consider the initial uptake of
the new technology as free of charge.
As mentioned in the introduction, this opportunity to receive an LPG connection, stove
and the first cylinder initially free of charge has already driven 80 million households to adopt
the new technology. If financial constraints are no longer binding, health messaging could
now have a substantial impact on actual LPG use.
Of course, for a poor rural household, even the purchase of a refill for 480 INR (or more if
some of the loan costs for the stove and the first cylinder are added to the bill of the refill) still
represents some investment. Hence, financial constraints that prevented the uptake of the
technology before the PMUYmay still prevent some of the poorest households from
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purchasing refills for the LPG cylinder. The fact that domestic LPG consumption has been grow-
ing at a much lower rate than what could be expected from the huge increase in connections
may be a result of these remaining financial constraints [11, 27]. To what extent health messag-
ing increases LPG consumption under the new financial conditions thus remains to be tested.
Further drivers of LPG use
It is obvious that apart from our main variable of interest, i.e., health messaging, a host of
other factors can be expected to influence the use of LPG. The energy transition literature,
notably when it focuses on the use rather than just the adoption of clean cooking technologies,
suggests those factors that may be relevant in our context [8, 10, 28]. This includes factors such
as income and education, the opportunity costs of fuel collection [23, 28–30] and factors
related to the social and cultural environment such as food taste preferences [31, 32]. In the
context of the Indian PMUY program, there has also been a discussion whether or not LPG
use may simply increase over time after the initial acquisition of the stove [11, 27, 33]. Vari-
ables such as time after adoption, income, education etc. can thus be useful to test the success
of randomization and/or as controls when analyzing the effect of health messaging.
Finally, the literature suggests that there may be within-family differences in preferences for
fuel choice, willingness to pay and reaction to health messaging, since women and children
often lack decision power over financial issues but are at the same time most affected by indoor
air pollution [12, 14, 34]. As discussed below, our empirical intervention has not been con-
structed to capture such effects. Yet, we will point at possible implications wherever this
appears relevant.
Conceptual framework
We propose an illustrative utility-maximization model to motivate and structure our analysis.
Let us assume that a household derives its utility from energy services, which require cooking
gas or other fuels as input, and from other goods. The different fuels used to provide energy
services are imperfect substitutes as they also differ on a number of other utility-relevant fac-
tors, notably health. To arrive at a simple model that allows a focus on LPG, let the household’s
utility U be defined as a function of the cooking gas LPG (g) and a composite good (x). The
composite commodity x represents the sum of all other consumption goods, including tradi-
tional biomass for cooking such as firewood. To ensure a certain degree of both complemen-
tarity and substitutability between g and x we use a standard Cobb-Douglas utility function:
Uðg; xÞ ¼ gyx1 y ð1Þ
with 0< θ< 1.
The parameter θ captures the preference for cooking gas as compared to the composite
good, and we assume that it is non-zero since all households we consider opted for an LPG
connection through PMUY and stated that they intended to purchase a refill at some point in
the future. For an income level of B and prices pg and px, the budget constraint is given as:
gpg þ xpx � B ð2Þ
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This equation shows the household’s optimal LPG consumption as a negative function of
the LPG price pg. We can invert this function to obtain an expression of the price the house-






The first (rather trivial) observation to note is that since
@pg
@g
< 0, if a household is asked to
consume more than g�, the price it must pay will have to be reduced. What we are interested in
here is how health messaging affects first, the discount a household demands when asked to
consume substantially more LPG and second, the propensity of the household to actually
increase consumption when provided with a pre-defined discount. Given the setting underly-
ing our study, in which all households still have considerable leeway for more frequent LPG
use, a consumption increase of 100% is used to indicate substantially higher consumption.
In the following, we first develop the theoretical expectations for the household’s willing-
ness to pay for LPG conditional on increased use, and then derive the predictions for the pro-
pensity to double gas consumption.
WTP conditional on increased use
Let us consider that the preference for LPG θ is composed as follows: First, a basic preference
�y due to the convenience, time savings and other general benefits associated with cooking on
the gas stove. Second, an additional appreciation based on the health benefits, reflecting
knowledge of the health risks related to cooking with traditional biomass h, and the extent γ to
which this knowledge is salient for the decision maker. In particular, the salience γmay vary
based on the exposure to smoke from the traditional cookstove (“chulha”), and thus be higher
for women than for men. Consequently, we define θ as:
y ¼ �y þ h � g ð5Þ
with 0< h< 1 and 0< γ< 1.
Now consider that we do not ask for the price households are willing to pay for their cur-
rently optimal—but very limited—consumption, but for a substantially increased consump-
tion, namely a fixed �g ¼ 2g�. Including the specification for θ and this fixed consumption
requirement into Eq (4), we obtain:
pgð�gÞ ¼ B�g � yðh; gÞ ¼ B�g � ð
�y þ h � gÞ ð6Þ
Taking the derivatives of pgð�gÞ with respect to h and the cross-derivative with respect to h





> 0 (for computa-
tional details, see S1 Appendix). We thus expect to find two effects: (i) a positive effect of the
health messaging on the price the individual is willing to pay for LPG, and (ii) a positive inter-
action effect with salience, i.e., in particular, a greater effect of the health messaging on women
than on men.
Equivalently, we can express these hypotheses in terms of the compensation required by the
individual to increase LPG consumption from g� to �g . The necessary compensation (C) corre-
sponds to the market price of an LPG refill (pm), which we can consider as given for our period
of study, minus the price the individual is willing to pay (pg), i.e., C = pm − pg. Hence, the effects





) correspond to the above derivatives
of pgð�gÞmultiplied by (−1).
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While our experiment allows us to test the effect of h, the evidence we can provide on γ is
suggestive only, since our experiment was not designed to examine heterogeneous gender
effects. This will be discussed further in the empirical part.
The propensity of doubling gas consumption
Let us now consider actual change in consumption. This change can be observed through the
use of a price-reducing voucher until a pre-defined, household-specific deadline. More pre-
cisely, the outcome variable of interest is the propensity of the household to use a voucher that
ensures an increase of LPG consumption from g� to �g , for any level of a randomly determined
price reduction D and the resulting offer price pd = pm − D specified on the voucher.
Let us denote voucher use by the indicator variable Y. Whether or not the voucher is used
depends on the difference in utility ΔU between a situation in which the voucher is used U1
and a situation in which it is not used U0:
Y ¼
(
1 if DU > 0
0 if DU � 0
ð7Þ
The difference in utilities itself reflects the (unobserved) propensity of voucher use. Taking
into account the conditions for voucher use, namely doubling initial consumption and the dis-





¼ �g yðB  �gpdÞ
1 y
  g�yx�1 y: ð8Þ
To predict how the propensity to use the voucher will be influenced by health messaging,
and how this in turn is affected by the salience of this information for the decision maker, we
again compute the derivative with respect to h and the cross-derivative with respect to h and γ.
This yields the relationships: @DU
@h




> 0 (see S1 Appendix).
The model thus predicts that, just like the WTP, the propensity to use the voucher (and
hence the propensity to double consumption) should be positively affected by health messag-
ing, and that this effect should again be greater for decision makers for whom the health infor-
mation is more salient, namely for women.
Empirical analysis
Sampling and survey implementation
We tested our hypotheses in the rural communities of Bikaner, a district in the state of Rajas-
than inWestern India (see also the map in S2 Appendix). The selection was purposive as it ful-
filled several criteria: Rajasthan was one of the first states to experience the launch of PMUY in
May 2016. This means the program had been in its implementation phase for more than one
year before the beginning of our survey in October 2017, so that the number of beneficiaries
was sufficiently high for our sampling purposes.
Furthermore, available statistics on fuel use indicate that the district is quite representative
for other parts of rural India (see Table 1). In 2011, 13% of the rural population in Bikaner dis-
trict used LPG as their main cooking fuel as compared to 11% in rural India as a whole. There
are only some differences regarding the choice of solid fuels that are used as an alternative.
Given its dry climate and the related lack of vegetation, firewood is used less frequently in
Bikaner than in other parts of India, while dung cakes are used more often. With respect to
more general poverty-related indicators that may be relevant to fuel choice, Bikaner varies
around the country average, with some factors above, and some factors below the all-India
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average. For instance, per capita income is almost equal to the national average and access to
electricity is higher in Bikaner than in the rest of India, while literacy rates are lower than aver-
age. The sex ratio is clearly below the Indian mean, which suggests that the status of women in
the region is rather low (for a discussion, see, e.g., [35]). There is, however, a general North-
South divide with respect to this indicator, and the rate we find for Bikaner district is close to
the rates for the large Northern Indian states [36].
The sample consists of 554 households who received an LPG connection under the PMUY
programme, but remained infrequent users. 55 villages were sampled from the census lists [36]
with probability proportional to population size. For each village, a simple random sample of
ten households was drawn from the village lists of PMUY beneficiaries. On average, there were
133 PMUY beneficiaries living in each village in the sample. Power calculations and the sam-
pling procedure are described in S2 Appendix.
The sampling strategy with many villages and relatively few households within each village
was chosen to ensure that all interviews could be run in parallel so that spillover effects would
be minimized. Households that were unavailable, impossible to trace or that turned out to be
ineligible for our sample were dropped and replaced from a back-up list of replacement house-
holds at the time of the first visit to the village. No repeat visit was made to a village.
Within each household, the preferred respondent was the main cook, who is usually a
female. However, men were accepted as respondents if the relevant women were unavailable
or unable to communicate to the enumerators for cultural reasons. Eventually, there were
about 10% male respondents in the sample (see Table 1 in S3 Appendix). At the outset, prelim-
inary screening questions were asked as follows:
1. Is the household indeed a PMUY beneficiary?
2. What is the frequency of use of cooking gas (LPG)?
These initial questions allowed us to screen out households that did not fit our criteria for
infrequent use. We defined the corresponding threshold at a yearly LPG consumption of less
than six cylinders a year for a family of five (excluding toddlers). An average Indian family
using LPG exclusively requires 10-12 cylinders per year [11]. Thus, all PMUY households con-
suming less than 1.2 standard-size (14.2-kg) LPG cylinders per capita (for persons of age six
and above) per year are considered infrequent consumers. Households covering all energy
needs for cooking with LPG generally have a 50-100% higher consumption in the sampled vil-
lages [40].
Table 1. Energy access and demographics, Bikaner vs. India 2011.
Bikaner India
Total Rural Total Rural
LPG main cooking fuel 29% 5% 29% 11%
Firewood main cooking fuel 53% 75% 49% 63%
Dung cake main cooking fuel 14% 16% 8% 11%
Electricity for lighting (%) 59% 40% 67% 55%
Average literacy 65% 61% 74% 69%
Sex ratio (women per 1000 men) 905 903 943 949
Net domestic product p.c. (INR) 52263 53331
Sources: [36–39]
https://doi.org/10.1371/journal.pone.0231931.t001
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The responses to these questions were verified by checking the entries in the respondents’
official gas passbooks that report the households’ average LPG consumption per year and the
date of purchase of the cylinder currently in use. This information allowed us to compute the
expected time until the next refill would become due based on past consumption patterns.
It should be noted that a number of initially selected villages and individual households had
to be replaced in the sample: First, for some of the originally sampled villages, we were unable
to obtain the list of PMUY beneficiaries. Second, in some villages, a very large number of
households could not be traced as villagers were away for agricultural operations and had
moved into so-called ‘dhani’, i.e., shelters in the fields scattered around the village. When this
number became very high (over 30%), the whole village was replaced. Third, certain villages
close to the India-Pakistan border were replaced due to security concerns. Eventually, the sur-
vey covered a total of 554 individuals from 55 villages.
Between September 2016 and March 2017 we carried out team building activities, some ini-
tial training of enumerators, a focus group discussion, pilots and key informant interviews to
understand the situation on the ground and to refine our survey instruments. Subsequently,
we established the cooperation with LPG distributors, requested the PMUY lists and analyzed
secondary data sources from the Census and the National Sample Survey (NSS) as relevant for
our sampling procedure. In October 2017 we conducted a final one-week intensive training
workshop for the enumerators. The training included sessions on the rationale of the research
design, exercises of the interviews including the implementation of the WTP-elicitation mech-
anism and the presentation of the different frames for the experiment (see below). It also
included a familiarization of the enumerators with the use of the survey application ‘Qualtrics’
that allowed them to directly register all answers on electronic devices like tablets or smart-
phones. Based on this training, the enumerators—a team of students from Bikaner Agricul-
tural University—carried out the data collection between October 2017 and February 2018. All
household interviews were conducted in Hindi or Rajasthani (Marwari).
The survey had several domains. The first section inquired extensively on household demo-
graphic and socio-economic characteristics while the second part focused on specific questions
to understand cooking and fuel use patterns. Subsequently, the survey application randomly
assigned the health information to the households (probability = 50%), while the others
received some general information on LPG supply and its characteristics. Following this, the
enumerators assessed the required compensation for an increased use of LPG. Finally, the sur-
vey included several questions to test whether the respondents understood the health informa-
tion provided.
The experimental set-up and the mechanism used to obtain the value of the required com-
pensation are described in detail below.
Experimental set-up
The intervention consisted in verbal information on the effect of traditional cooking on child
development and diseases such as lung diseases, heart diseases and eye diseases. The enumera-
tors were given a pre-formulated one-page text on these issues that they familiarized with and
memorized in advance, so that they would keep their wording very close to the text without
directly reading it out. The duration of the presentation of health hazards lasted for three to
five minutes.
Given the possibility that any frame—or simply the time spent on talking about LPG—may
affect the answers of the respondents [41], we constructed an alternative non-health related
(and in this sense ‘neutral’ or placebo) frame for the control group. This frame consisted of
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information on how cooking gas is extracted or produced from crude oil and then distributed
to the households. The time spent on the information was similar for both frames.
To illustrate the verbal information, the enumerators carried along colored plasticized pic-
ture cards (size A4). We selected images that would be as neutral as possible while visually clar-
ifying the spoken text. An English translation of the pre-formulated texts for both treatment
and control group as well as a copy of the corresponding picture cards are presented in section
2 of S4 Appendix.
By design, the comparison of households who receive the health message and households
who receive the placebo treatment reflects the net effect of the health messaging. If communi-
cating about LPG over a certain time indeed has an effect by itself, the gross effect of health
messaging (encompassing the effect of both the health-relevant content and the time of the
LPG-relevant communication) should, in fact, be larger. As a consequence, our estimates of
the treatment effect can be considered as a lower bound of the effect of health messaging for a
population that would otherwise receive no LPG-related information at all.
After exposing the respondents to either of the two frames (health and non-health), we first
assessed the households’ stated WTP for LPG conditional on increased use and then observed
households’ actual consumption behavior by monitoring effective voucher use. Details on the
measurement of these outcome variables are provided in the following sections.
WTP conditional on increased use
There are several procedures used in experimental economics to measure willingness to pay in
a way that ensures that rational individuals will reveal their genuine preferences. We base our
WTP assessment for LPG on the Becker-DeGroot-Marschak (BDM) mechanism [42], a widely
used option that mimics a Vickrey auction by replacing the other buyer with a random num-
ber. Under a common version of the BDMmethod, the person states a bid (for a good to pur-
chase). The bid is then compared to a randomly determined offer price, that is, the price at
which the good is made available to the bidding person. If the person’s bid is higher than the
offer price, the item is sold at the offer price. If the bid is below the price, no transaction hap-
pens and no payment is made. In this context, revealing one’s true willingness to pay through
the bid is a strictly dominant strategy.
A study on willingness to pay for water filters in northern Ghana demonstrated that the
mechanism can be usefully applied even in contexts of low numeracy among the respondents
[43]. To ensure that our respondents really understand the process, we explained each step of
the procedure and followed it up by carrying out two rounds of the BDMmechanism with
unrelated goods, first with a piece of soap, and then with a lighting bulb. If the respondents’
bid was higher than the offer price, they paid the offer price and received the goods. Hence, by
the time the respondents reached the LPG assessment, they were quite familiar with the proce-
dure and had experienced that the implications of their decisions were real and binding.
With respect to LPG, the implementation of the BDMmechanism required adjustments
due to the specific context of the study. First, real transactions with LPG cylinders are not pos-
sible, since LPG supply regulations in India imply that households can only purchase the refill
from official distributors of oil marketing companies, and that, too, only once they have used
and returned their empty cylinder. Hence, instead of concluding the transaction by selling an
LPG cylinder at the reduced offer price to successfully bidding respondents, we handed out
vouchers for the purchase of the next cylinder.
Second, we aim to elicit the WTP for LPG not as a good used only rarely for special occa-
sions, but on a more regular basis, i.e., under the condition of increased use. This cannot be
achieved simply by providing households with the offer to buy an additional cylinder. As our
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sample only includes households that plan to buy a refill at some point over an infinite time
horizon, all of them should be willing to purchase one at the market price pm.
To obtain the relevant information on the WTP for increased consumption, the additional
LPG use must be observable during a pre-specified period, i.e., before a certain deadline. As
mentioned earlier, we chose a deadline relative to current use. More specifically, we fixed a
specific deadline for each household that would require this household to consume the
remainder of the LPG in the cylinder currently in use twice as quickly than under normal cir-
cumstances (see S4 Appendix for calculation details). The expiry date was clearly communi-
cated to the respondent and written on the voucher. We also monitored that it was respected
by the distributors.
We thus asked the respondents to make their bid for a new LPG cylinder under the condi-
tion of using up their current cylinder until the deadline. This bid was then compared to the
randomly drawn discounted offer price pd. The corresponding discount D over the market
price pm of 480 INR was designed to fall in the interval between 5 and 235 INR. Larger dis-
counts were not expected to be necessary. The offer price itself was then between 245-475 INR
and drawn from number cards in front of the respondents (for details, also on the choice of
the price range, see S5 Appendix).
When the respondents stated a WTP which was at least as high as the offer price, and hence
the (offered) discount (D) was greater than or equal to the required compensation for the
increased use of LPG, they received the voucher, and they knew that they were expected to buy
the next cylinder before the expiry date indicated on the voucher (see full protocol of WTP
elicitation mechanisms as well as details on vouchers in S4 Appendix).
Unlike in the prior examples with the soap and the light bulb, we could, however, not
enforce the final sale. This violates the conditions of the BDMmechanism because stating a
bid that reveals the true required compensation is then no more a strictly dominant strategy.
Indeed, it does no harm to consumers to make a higher bid since if they bid high enough to
get the voucher, they do not need to actually make use of it. At the same time, it does not make
them any better off to place a higher bid than the one that corresponds to their genuine will-
ingness to pay. Hence revealing the truth remains a weakly dominant strategy.
In any case, a rational respondent will never make a bid that is too low. If at all, WTP will
hence be overestimated by the procedure we chose. This may add to the effect we could obtain
due to the fact that people under both the health and the alternative frame were confronted
with some discussion on LPG (see above). For both reasons, average WTP obtained in our sur-
vey can be considered as an upper bound of the respondents’ true WTP.
Note that the estimate of the health messaging effect should not be biased due to the
enforcement problem. This is because there is no reason to believe that it might affect the treat-
ment and the control group in different ways.
Increase in LPG consumption
In the second part of our empirical analysis, we compare the actual voucher use by the house-
holds in the treatment and in the control group. Since the vouchers could be used only until
the expiry date, the use of the voucher implies that the household truly consumed the remain-
ing LPG in their current cylinder more quickly than usual, and that the incentive of the dis-
count on the next cylinder was sufficiently strong to trigger this behavioral change. In
addition, actual voucher use provides some insights into the sustainability of the initial impres-
sion made by the health messaging.
Two distinct factors should be considered in this context: First, while most of the time, the
health information is only transmitted to the female respondent who also provides the
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statement onWTP, the choice to double LPG consumption or not is the result of an intra-
household decision-making process involving several household members. The actual pur-
chase is usually carried out by men. These male family members (i) do not directly obtain the
health message and (ii) will usually be less smoke-exposed than their spouses. Unless the infor-
mation is transferred within the family very convincingly, this should reduce the effect of
health messaging. Furthermore, the effect of health messaging should depend on the power of
the respondent within the intra-household decision-making process.
Second, over time, the impression made by the health messaging may simply fade away. In
the most extreme case, the information could be fully forgotten, in which case the intervention
would have a zero effect on voucher use. In contrast, sharing health information and discuss-
ing it among family members may also increase its influence on the purchasing decision due
to further reflection upon the topic, and respondents may develop a stronger preference for
LPG when they are continuously exposed to the toxic smoke from the chulha after having
learned what this exposure implies for their health. Depending on which of these causal chan-
nels dominates, health messaging may have a stronger or weaker effect on actual consumption
behavior. The effect may also be stronger or weaker than what the respondents’ immediate
reaction measured in terms of their WTP may lead us to expect.
Results
In a first step, we test whether our randomization allows us to successfully split the sample into
two groups that are similar in all aspects that could be relevant for WTP and voucher use.
Table 1 in S3 Appendix compares the means of both groups for a number of variables includ-
ing socio-economic characteristics such as the respondents’ age, education, religion, household
size, their social category and proxies of income and wealth such as assets and land ownership
(see S6 Appendix for data and code required to replicate all study findings reported in this arti-
cle). Further variables describe the households’ fuel choice and cooking behavior and capture
preferences for and access to LPG: The average consumption of LPG, distance to the LPG sales
point (zero in case of home-delivery), perceived convenience of LPG, knowledge about LPG
subsidies and stated barriers to regular LPG consumption such as high refill costs or safety
concerns. Finally, there are variables directly related to current LPG use and the conditions
under which respondents were bidding, such as the number of days until the voucher’s expiry
date (voucher validity) and the content of the current cylinder at the time of the survey. Across
all 25 variables, none of the differences in means is statistically significant at the 10% level.
This implies that potentially confounding factors are well balanced across the two experimen-
tal groups.
The same holds if we limit the sample to those respondents who obtained a voucher (see
Table 2 in S3 Appendix): Apart from a small difference in the share of Hindus and Muslims,
the two experimental groups only differ with regard to WTP for LPG, which is a desired effect
of our intervention. A description of all variables and summary statistics are provided in
Table 3 in S3 Appendix.
Impact on willingness to pay
Given the successful balancing of potentially confounding variables, we can now compare
WTP for the treatment and the control group. Overall, the health messaging leads to an aver-
age increase in WTP of about 10 INR (from 352 to 362 INR, see Table 2 below).
The effect is not large, but the intervention was only very short and carried out by enumera-
tors that were strangers to the respondents. Under conditions of more sustained health mes-
saging by trusted health workers or members of the local community, the effect might have
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been much stronger. Furthermore, remember that the estimate reflects the net effect of health
messaging, and that the gross effect could be larger if the time of the communication on LPG
has a positive effect by itself.
To provide some more detail on this result Fig 1 displays the cumulative distribution of the
respondents’ stated WTP in both treatment groups.
The share of respondents that accepted prices in the upper half of the price range is consis-
tently higher among subjects who were confronted with the health information. Fig 1 also
shows that the estimated median WTP is at 350 INR per cylinder. Since these estimates must
be considered as an upper limit of the true WTP of our respondents (see Conceptual frame-
work), they are well in line with the results of an earlier large-scale household survey in six
Indian states, which suggest that households who are interested in adopting LPG would be
Table 2. Treatment effect onWTP, including controls.
(1) (2) (3) (4)
Health message 10.237� 13.777�� 12.175�� 13.166��
(0.065) (0.013) (0.036) (0.046)
Male 31.863�� 54.111��� 42.714��
(0.014) (0.001) (0.014)
Health message X Male -41.385� -62.277�� -53.083�
(0.072) (0.020) (0.068)


















Months since LPG adoption -0.191
(0.645)
Constant 351.678��� 348.846��� 352.230��� 366.083���
(0.000) (0.000) (0.000) (0.000)
N 539 539 468 455
Adj. R2 0.003 0.008 0.017 0.019
� p < 0.1,
�� p < 0.05,
��� p< 0.01. p-values based on standard errors clustered at village level in parentheses. For the additional variables in Col. 3 and 4 complete data is not available for the
full sample, resulting in a smaller number of observations.
https://doi.org/10.1371/journal.pone.0231931.t002
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ready to pay 300 INR per month (median) to cover all cooking needs with LPG [27]. While
health messaging increases WTP, substantial additional subsidies will still be required to
induce poor households to become more regular LPG consumers.
Apart from the direct effect of our intervention and the respondents’ price-elasticity of
demand, their stated WTP may be influenced by some additional factors. In particular, our
previous discussion suggests that gender differences due to differences in smoke exposure and
time spent cooking should affect the impact of health messaging. It may also be relevant to
control for the content of the current cylinder and the time left until the voucher needs to be
used. Few households had a full cylinder at the time of the survey, such that the requirement to
speed up consumption referred to different absolute quantities. Households might agree to a
lower compensation when their cylinder is already partly used. Similarly, the absolute time
period over which the behavioral change to double LPG consumption is required varies
between households. Due to differences in the usual speed of consumption, this may be true
even if the filling of the cylinders is initially the same for two households. In principle, this
could have implications for WTP, too. For instance, households might feel that a behavioral
change over a small period of time—maybe just a few days—is easier to achieve than a change
over many weeks. In this case, WTP should be higher if the survey happens closer to the date
at which the next refill would have been required anyway. However, one could also imagine
that having more time enables the household to plan the increased consumption in a better
way, i.e., by using LPG rather than the chulha when many guests are in the house, which may
not happen that frequently. Moreover, time preference would imply that a compensation to be
received in the far away future would be valued less than a payment one could receive within a
few days.
Whether these considerations do affect the respondents’ stated WTP, and if so, in which
direction, will be examined below. We will also add further controls for potentially relevant
household characteristics.
Fig 1. WTP for LPG conditional on increased use, by experimental group.
https://doi.org/10.1371/journal.pone.0231931.g001
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Multivariate regression analysis for WTP. Table 2 presents the results with Col. 1 as a
baseline, a dummy variable for male respondents and its interaction with the treatment vari-
able in Col. 2, and a number of key control variables in Col. 3 and 4.
While Col. 1 shows the already discussed effect of the intervention without any other vari-
ables, in Col. 2 we distinguish between the effects for male and female participants of our sur-
vey. As mentioned already, there are only few male respondents in our sample and they
systematically differ from average men in the communities of interest. In most cases, these
men belong to very traditional families as they did not allow their spouses to talk to the enu-
merators. This also suggests a highly unequal balance of power in these households. Our sam-
ple therefore does not allow us to provide general estimates for heterogeneous treatment
effects between women and men. Yet, it is important to understand to which extent the specific
households in which we interviewed men rather than women are different, and thus affect our
results. Furthermore, the differentiation by gender within our sample can provide some sug-
gestive evidence as a basis for the analysis of gender effects in future research. These consider-
ations lead us to systematically present whatever suggestive results we have, calling for
verification in future studies.
Note that due to the inclusion of the interaction term, the coefficient estimate for health
messaging now refers to female respondents alone. With a point estimate of about 14 INR it is
higher than the average for all respondents (male and female) in Col. 1. Correspondingly, the
negative coefficient of the interaction term suggests that men in our sample react to health
messaging much less than females. In other words, at least for the specific selection of male
respondents in our sample, results are in line with our expectations. The main effect of the
dummy for male respondents further indicates that within our sample, men generally state a
much higher WTP than women. This seems to be a common result for WTP assessments in
households in which women are not used to committing to major payments, and does not spe-
cifically relate to LPG (see also [13]). In our sample, only 3% of women report taking decisions
on the purchase of durable goods on their own.
Col. 3 then adds controls for the remaining content of the cylinder at the time of the survey,
and the period of validity of the voucher. Neither of the two are significant. This suggests that
neither variable plays a major role in determining the compensation for increased consump-
tion requested by the household. Rather, households seem to just consider the required change
in behavior in terms of the relative increase in consumption, no matter the period over which
this change is requested, and no matter what absolute quantity of LPG consumption this
implies.
Col. 4 further adds a number of other control variables that might be relevant for the will-
ingness to pay. The only significant variable is the dummy for land ownership, reflecting that
wealthier households owning some land tend to have a higher WTP. Note that the effects of
the control variables (or the lack thereof) should not be over-interpreted as some of them are
highly correlated. They are included mainly to show the robustness of the main results. The
estimated treatment effect remains positive and significant throughout (with little change in
size across Col. 2-4 in which it refers to females).
Impact on voucher use
So far, the results thus confirm our hypotheses. But is the voucher that allows the household to
buy the next LPG cylinder at or below the price of reported WTP actually used? Does it indeed
lead to the requested behavioral change of doubled consumption until the given deadline?
Overall, in 303 out of 539 conducted BDM procedures, the respondent’s bid (i.e., stated WTP)
was sufficiently high to receive a voucher. The voucher values, i.e., the discounts offered on the
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purchase of the next LPG cylinder, range from 5 to 235 INR, and about 70% of them lie above
150 INR. For 296 vouchers handed out to households we could trace whether the beneficiary
had used the voucher to cover a part of the household’s next LPG purchase.
It turns out that only 35% of these 296 households actually used the voucher. Unfortunately,
we are unable to disentangle the different possible reasons discussed above, and any combina-
tion of these could be responsible for this result. What we can examine, however, is the extent
to which our intervention, namely the health messaging, affected the actual use of the voucher.
Effect of health messaging on voucher use among voucher owners. Given the binary
nature of the dependent variable, we proceed with logistic regressions presenting both odds
ratios and predicted probabilities. For comparison, S6 Appendix further includes the code for
linear probability models, which show very similar results. Just as in our analysis of WTP, we
first present a simple bivariate estimation of the treatment effect and progressively add more
variables.
Based on the 296 available observations, we find a strong and significant effect of health
messaging on voucher use. Table 3, Col. 1 indicates that the odds of using the voucher are 1.63
times higher for households that received the health message. This corresponds to an increase
in the probability of voucher use by 11 percentage points, from 30 to 41% (see S6 Appendix).
The treatment hence increases the probability of voucher use by more than one third.
The effect is even more remarkable given that quite some time passes between the treatment
and potential voucher use, and given the required intra-household transfer of the information.
In addition, since spill-overs between the treatment and control group cannot be avoided dur-
ing the period until voucher use, this result represents a lower limit of the actual effect. Finally,
as before, we should remember that we only estimate the net effect of health messaging, not
including the possible impact of LPG-related communication time, which was the same for
both treatment groups.
Col. 2-4 of Table 3 add a differentiation by gender of the respondent and further controls.
Due to the interaction term with the dummy variable for male respondents, odds ratios shown
for health messaging in these models refer to female respondents only. In contrast to theoreti-
cal expectations, it seems that the positive and significant overall effect is now primarily driven
by the few male respondents in our sample. The interaction term itself, which shows how
much the effect of health messaging differs between male and female respondents, is strong
and significant in two out of three regressions. It indicates that for the male respondents, the
odds ratio of health messaging is eight times as high as for the female respondents in our sam-
ple (Col. 2). Adding further controls somewhat reduces this difference, but the estimate
remains sizeable. Furthermore, for men alone, the treatment effect is always positive and sig-
nificant (not shown), while this is not the case for female respondents (cf. Col. 2). This is sur-
prising since the male respondents in our sample initially did not seem to react to the
treatment—as measured by their statement onWTP.
This suggests some interesting household dynamics after the visit by our enumerators. Due
to their lack of power within the household, women might have more difficulties in transform-
ing their initially voiced preferences into the household’s final purchasing decision. Hence,
even if their greater exposure to smoke leads them to react more strongly to health messaging
in the first place, they may not always be in a position to actually push for a greater use of LPG.
Men, once convinced, do not have this problem. At the same time, they seem to require more
time to react to the health information received. They might first cross-check this information
and/or discuss the issue within the family and with friends. This suggests that considering
given power relations within rural Indian households, it is important to convince men about
the health benefits of LPG, and not just women. Further research is required to examine het-
erogeneous effects of health messaging and intra-household decision-making on fuel choices.
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Adding further control variables substantially improves the overall prediction of voucher
use as indicated by the receiver operating characteristic (ROC) curve, notably in Col. 4. In this
specification, the estimate of the treatment effect is even higher than before. Table 4 presents
the results of this model in terms of predicted probabilities, across experimental groups and
gender of the respondents. It indicates that health messaging increases the probability of
voucher use by 16 percentage points overall, which reflects the 14 percentage point increase
when the health messaging was delivered to women, and a massive 44 percentage point
increase for the few cases in which the messaging was delivered to men.
Table 3. Treatment effect on voucher use, including controls.
(1) (2) (3) (4)
Health message 1.628�� 1.396 1.633� 1.950��
(0.047) (0.198) (0.083) (0.029)
Male 0.885 1.004 1.569
(0.826) (0.995) (0.515)
Health message X Male 8.379�� 5.948� 4.280
(0.030) (0.087) (0.190)


















Months since LPG adoption 1.038�
(0.055)
WTP for LPG 0.995��
(0.033)
Constant 0.429��� 0.435��� 0.524�� 4.362
(0.000) (0.000) (0.030) (0.226)
N 296 296 254 247
Area under the ROC curve 56% 58% 62% 72%
Logit models with odds ratios,
� p < 0.1,
�� p < 0.05,
��� p< 0.01. p-values in parentheses. Lack of data on the additional variables included in Col. 3 and 4 lead to a reduction in the number of observations.
https://doi.org/10.1371/journal.pone.0231931.t003
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Regarding the individual control variables, there is no surprise. As before, many of them
are insignificant, this time including the indicators we use for wealth and income. This is con-
sistent with our model since household budget is as relevant for U0 without the voucher as for
U1 with the voucher and hence cancels out for ΔU (see S1 Appendix). The significant control
variables are distance from the sales point, household size, months since LPG adoption, and
WTP.
The latter may deserve some additional explanation. The odds ratio for WTP is smaller
than one, reflecting a negative relationship between WTP and voucher use. At first glance, this
may seem unexpected. However, WTP is, by design, negatively related to the discount. House-
holds obtain the vouchers only if their stated WTP is higher than the randomly drawn, dis-
counted offer price. Hence, the higher this price (i.e., the lower the discount D), the higher
their WTP must be for them to be included in the sample for the estimations in Table 3.
The latter also leads to a more general risk of selection bias, even when we control for WTP.
The average WTP in the sub-sample of voucher owners is significantly higher than the WTP
of those respondents who did not receive a voucher (390 vs. 314 INR). As a result, the sub-
sample may not be representative of our initially drawn sample of typical PMUY users.
This problem also affects our estimate of the treatment effect. As the health messaging
affects WTP, it also affects the selection into the sub-sample of voucher owners. Studying the
treatment effect within this sub-sample will thus not provide us with a valid estimate for the
full impact of our intervention.
Joint effect of health messaging on voucher use. In order to avoid the selection problem
discussed above, we additionally estimate the joint effect of health messaging on voucher use.
That is, we now use the total sample of respondents, no matter whether they obtained a
voucher or not, and set the outcome variable “voucher use” to zero for those respondents who
did not receive a voucher in the first place (as their WTP was below the randomly drawn offer
price). The share of voucher users in the total sample of households in our sample is now 20%
(among voucher owners only, it was 35%). We use a fixed effect for each offer price, as the
chance to obtain a voucher with a given WTP increases with decreasing offer prices. The fixed
effects will thus provide a substantial part of the explanation for the zero-values in the outcome
variable.
Table 5 shows the results of logit models similar to those in Table 3. Without offer-price
fixed effects, being confronted with the health message increases the odds of a household using
a voucher (and thus demonstrating doubled consumption) by a factor of 1.44 (Col. 1). This
corresponds to an increase in the probability of using a voucher by 6 percentage points, from
17 to 23% (see S6 Appendix). While the absolute value of the increase is smaller than in the
sub-sample of voucher owners (6 as compared to 11 percentage points), in relative terms, the
increase is thus as important as before. In both samples, the treatment increases voucher use
by more than one third.
Table 4. Predicted probabilities of voucher use.
No health message Health message Difference p-value N
Total 0.273 0.437 0.164 0.005 247
Females 0.266 0.401 0.135 0.026 225
Males 0.354 0.791 0.437 0.019 22
Estimates are based on the logit model presented in Table 3, Col. 4.
https://doi.org/10.1371/journal.pone.0231931.t004
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By adding offer-price dummies in Col. 2-4, the overall quality of the prediction markedly
increases as indicated by the area under the ROC curve. This reflects the relevance of the price
effect. The estimate of the treatment effect also becomes more precise, and larger than before.
In terms of the differences between male and female respondents in our sample, the results
point in the same direction as before, but the interaction term is insignificant (Col. 3). When
including control variables in Col. 4, our results suggest that health messaging almost doubles
the odds of voucher use among the households with female respondents (odds ratio = 1.94).
The point estimate for the few male respondents is again even higher, but the difference
Table 5. Joint effect of health messaging on voucher use.
(1) (2) (3) (4)
Health message 1.444� 1.616�� 1.504 1.942��
(0.095) (0.046) (0.111) (0.026)
Male 1.484 2.450
(0.496) (0.212)




















Months since LPG adoption 1.025
(0.174)
Constant 0.203��� 0.461 0.428� 0.922
(0.000) (0.117) (0.094) (0.933)
N 532 465 465 396
Offer price fixed effects No Yes Yes Yes
Area under the ROC curve 55% 70% 71% 77%
Logit models with odds ratios,
� p < 0.1,
�� p < 0.05,
��� p< 0.01. p-values in parentheses. As some of the highest offer-prices perfectly predict failure to use the voucher, and as the additional control variables have some
missing values, Col. 2-4 include a smaller number of observations.
https://doi.org/10.1371/journal.pone.0231931.t005
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remains insignificant. Table 6 shows these effects in terms of predicted probabilities, for the
whole sample and by gender of the respondents.
While we have so far used fixed effects to account for differences in the offer price, we can
also include the offer price pd directly as an explanatory variable. This also allows us to directly
interpret the relationship between prices and voucher use (see S5 Appendix). In line with the
predictions of our theoretical framework (S1 Appendix), we find that price reductions have a
strong positive effect on the household’s purchasing decision. Across all available observations,
a price discount of 40 INR (8.3% of the current subsidized price of a new cylinder) is estimated
to increase the probability of voucher use on average by about 10 percentage points. This cor-
responds to the estimated impact of health messaging.
The effect of health messaging remains relatively stable across the range of discount values,
and hence, there is little evidence that the two measures interfere with each other (see Fig 2 in
S5 Appendix). This implies that health messaging can be usefully topped up by price reduc-
tions to reach an even greater overall effect on demand.
Testing the information channel
While we argue that the success of the intervention is based on the respondents’ greater health
awareness, this has not been directly tested so far. In this last part we will thus assess the effect
of the health messaging on health-related knowledge. To that aim, we compare post-interven-
tion responses of the treatment and the control group to several questions regarding the health
hazards related to traditional cooking (see S4 Appendix for post-intervention questionnaire).
First, we examine the response to the question whether traditional cooking affects health
slightly, severely, or not at all. Our dependent variable is a binary indicator of the belief that
there are serious health hazards involved. Without any further information, respondents knew
very little about health hazards related to smoke from the chulha, leaving much scope for
improvement: under the alternative frame, only 13% believed that there were serious health
hazards related to cooking with traditional biomass, while 60% believed that there were just
some minor transitory effects, and 27% were of the opinion that there were no health effects at
all.
This was also confirmed in complementary qualitative interviews with other households
prior to the experiment. When women were asked about health effects, they primarily thought
of these as temporary irritations such as coughs or watering eyes, and stated that these were
not problems of any major consequence, but rather something to get used to over time. A
comparison of our findings with previous surveys in India [18, 27, 40] hence underlines the
importance of enquiring specifically about knowledge of serious health risks. According to a
large survey among rural Indian households in 2018 [27], 84% of those who relied on biomass
as primary cooking fuel stated that cooking with LPG is better than using a traditional cook-
stove regarding the health impact. This may be seen as indication that most households are
Table 6. Predicted probabilities of voucher use.
No health message Health message Difference p-value N
Total 0.167 0.267 0.100 0.011 396
Females 0.157 0.249 0.091 0.024 366
Males 0.287 0.490 0.202 0.215 30
Estimates are based on the logit model presented in Table 5, Col. 4.
https://doi.org/10.1371/journal.pone.0231931.t006
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aware of adverse health impacts related to using biomass. While this share is comparable to the
proportion of households who are aware of some (major and minor) health impacts in our
sample, the results from our more detailed questionnaire demonstrate that this is merely
superficial knowledge and that the vast majority of these families lack awareness of the severe
health risks related to household air pollution.
In the context of such limited initial knowledge, health messaging led to a strong and highly
significant increase of reported awareness of serious health hazards. Among respondents that
received the health information, 48% report to be aware of serious adverse health effects, i.e.,
reported awareness is four times as high as before. The total share of individuals who reported
to be aware of health risks (serious or less serious) increased to 94%.
Table 7, Col. 1 presents the results for severe effects, distinguishing by gender. Among
female respondents, 12% of the untreated report that they are aware of severe health issues as
compared to 46% (12+34%) of the treated. There are no significantly different responses for
male respondents. All results are robust to the addition of further control variables (not
shown).
Of course, the treatment effect of the health message may be partly due to social desirability
bias: after the information treatment, respondents know that a positive answer is expected and
might hence pretend to be aware of severe health hazards even without fully understanding or
being really convinced.
We thus consider a second dependent variable, which requires concrete knowledge about
health hazards incurred when using traditional solid fuels for cooking. This variable reflects
the share of diseases related to indoor air pollution (IAP) correctly identified within a set of
ten diseases out of which only six are indeed related to IAP. Col. 2 presents the results. They
confirm those of the previous estimation. Our brief health message increases the share of cor-
rectly identified smoke-related diseases by 15 percentage points for female respondents—and
similarly for male respondents since the interaction term is very small and statistically insignif-
icant. Independently of the health messaging, in our sample, female respondents generally rec-
ognize diseases related to traditional cooking substantially better than male respondents.
Table 7. Treatment effect on health-awareness.
(1) (2) (3)
Severe effects IAP diseases All diseases
Health message 0.343��� 0.150��� 0.066���
(0.000) (0.000) (0.000)
Male 0.132 -0.176��� -0.115���
(0.116) (0.000) (0.000)
Health message X Male 0.157 0.029 0.023
(0.174) (0.590) (0.570)
Constant 0.118��� 0.280��� 0.482���
(0.000) (0.000) (0.000)
N 503 539 539
Pseudo R2 / Adj. R2 0.140 0.096 0.084




��� p< 0.01. p-values based on standard errors clustered at village level in parentheses.
https://doi.org/10.1371/journal.pone.0231931.t007
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As a third dependent variable, we examine the share of correctly identified diseases among
all ten diseases. A value of one on this variable implies that not only the IAP-related, but also
the IAP-unrelated diseases are correctly identified. This ensures that high values on the depen-
dent variables cannot be obtained simply by responding in a way that relates all kinds of dis-
eases to cooking habits. Hence the values of this variable cannot be driven by social desirability
bias. When using this variable, the treatment effect is smaller (only about 7 percentage points),
but remains highly significant (see Col. 3). As before, the treatment effect does not differ
between male and female respondents, i.e., there seems to be no difference regarding the
capacity to absorb the health information we provide. But again, overall, women recognize the
relevant diseases substantially better than the men in our sample. Unless the difference is
driven by the particular selection of men among our respondents, this gives some plausibility
to our expectation that women who are exposed to smoke on a daily basis may find the knowl-
edge about smoke-related diseases more important than men. This could explain why they
tend to be somewhat better informed already prior to our intervention.
In sum, the empirical evidence thus confirms that the intervention increases the respon-
dents’ knowledge about the health hazards related to traditional cooking. Despite some differ-
ences in initial knowledge, this is true for both women and men in our sample, with no
observable difference in the treatment effect. This implies that the differences we observed
between male and female respondents regarding the impact of health messaging onWTP and
voucher use cannot be explained by differences in the capacity to absorb the information we
provide. While additional research is required to confirm these results with a representative
sample of women and men, this is in line with our theoretical argument, which suggests that
gender differences should be driven by differences in the salience of the information rather
than by the information itself. Of course, as we have seen, such differences may be overridden
by practical constraints related to the limited power of females in household decision making
over expensive items.
Conclusion
Traditional cooking habits based on the use of solid fuels such as cow dung and firewood affect
a range of SDGs. In particular, they generate severe health hazards. With an estimated 846 mil-
lion people being exposed to household air pollution in India, the corresponding health bur-
den is particularly high [3]. This paper examined to what extent health messaging for poor
rural households can mitigate the problem. Based on a survey in rural Bikaner district (Rajas-
than), we analyzed the effect of a health messaging intervention on willingness to pay and the
propensity to consume more LPG, a clean fuel, which all of our sample households already
have access to in principle through the Indian government’s PMUY program.
Our results show that health messaging increases the reported willingness to pay for LPG,
and leads to substantially higher actual consumption among households who currently use
LPG only on a very infrequent basis. We measure this based on a voucher which can only be
used if LPG consumption is doubled until a certain deadline. Households exposed to health
messaging use the voucher about 30% more often than households exposed to a placebo treat-
ment. We further show that the impact of our very brief, but concrete health messaging is as
strong as a decrease in the price of a new LPG cylinder by about 40 INR.
Obviously, health messaging does not need to be considered as an alternative to price
reductions. Our results confirm prior studies indicating that the willingness to pay for regular
LPG use by a typical poor rural household is considerably below the current regulated market
price of 480 INR per cylinder. It may thus be useful to combine health messaging and price
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reductions. We find that these two measures do not interfere much with each other and can
thus be decided upon independently.
Our results also confirm that the health messaging indeed increases the respondents’
knowledge about smoke-related diseases, which is an important precondition for the causal
effect we claim. It should be noted that without any health messaging, the relevant knowledge
is extremely low. Among the untreated, only 13% of all respondents believe that cooking with
traditional biomass entails any serious health risks. This percentage increases to 48% in the
treatment group. The low initial knowledge may be one reason why we find such substantial
effects on LPG use.
Our empirical estimation was not designed to estimate heterogeneous treatment effects
between women and men. Nevertheless, our study suggests some potentially relevant, and par-
tially unexpected gender differences that call for further investigation in future work. Indepen-
dently of these results, given that women often lack decision-making power on major
purchases, knowledge building should not target women alone.
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